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INTRODUCTION
Our long range goal Is to understand the macromolecular Interactions responsible for

the Integration of HIV DNA into human chromosomes with the specific purpose of Identify-
Ing compounds that block integration. Since integration Is an early step In the retroviral life
cycle, blocking Integration prevents cells from becoming Infected. Moreover, integration is
not a part of normal cell physiology; consequently, compounds that block Integration should
be good candidates as therapeutic agents for AIDS. What follows In this section is a brief
review of relevant biochemical aspects of retroviral Integration and an outline of our experi-
mental rationale.

Genetic analyses of several retroviral systems have identified three regions of the viral
genome essential for the Integration reaction and for productive Infection. One is the 3'
end of pol, a gene called int (7, 27, 28, 30). .. the case of avian retroviruses the product
of int, the Integrase protein (IN), exhibits a nuclease activity with preference for nucleotide
sequences expected to be involved in integration (5, 8, 13-15, 21, 25). The other twc
regions are the putative viral targets of IN, the ends of viral DNA (5, 6, 26).

One of our aims is to develop biochemical assays for integration. For this our first
task Is to define the substrates of the reaction. Although the genetic analyses cited above
dearly Implicated IN and the viral ends as components in the reaction, the topological form
of the viral DNA substrate was not Initially obvious because cells contain three forms.
Early in vivo studies with an avian virus had indicated that circular viral DNA containing two
tandem LTRs (2-LTR circles) Is capable of integration (27). However, recent reports using
a mudne system Indicate that this is not a general phenomenon (9, 22). Moreover, IN is
not thought to produce the correct type of cleavage with a circle. A simple staggered
endonucleolytic cleavage at the junction between the two LTR's (the circle junction) In a 2-
LTR circle would not produce a form of linear viral DNA compatable with the Integration
reaction Intermediates that have been found (4, 11). Thus circles are now believed to be
off the main Integration pathway.

As In vitro Integration assays were developed for MuLV, a reaction Intermediate was
Identified In which the 3' ends of the viral DNA are recessed by two bases (4, 11). It is this
3' end that bonds to the host acceptor DNA (11, 31). Genetic studies show that IN Is
required for recessing the 3' ends (4, 31). IN Is also Involved In the Integration of the 3'-
recessed Intermediate into a target DNA (11, 12). Thus, one can envision that during viral
Infection reverse transcription produces a linear, blunt-ended viral DNA which Is then
trimmed by IN at the 3' end to produce the recombinogenic form of viral DNA.

It Is Important to note that the reactions described above, when occurring under
natural conditions, probably take place within a complex of viral proteins and nucleic acid
(3). The approach now being taken by these Investigators with respect to Integration of
MuLV Is to Isolate the complexes and dissect them (2, 3, 12). This approach Is not
currently practical with HIV due to difficulties In safely handling large volumes of Infectious
material. Instead, we are taking a reconstruction approach in which we will first obtain
purified IN using recombinant DNA technologies. Using the purified IN protein and a
variety of DNA substrates, we are attempting to establish a simple biochemical assay for
their Interaction, with the ultimate goal of using the assay to screen compounds for anti-
Integrase activity. For this purpose, we need large quantities of purified IN protein and a
suitable DNA substrate. Our progress toward the development of both these reagents Is
discussed In the next section.

3



BODY

A. EXPRESSION OF IN PROTEIN
IN Is synthesized as a polyprotein; It is cleaved from the 3' end of the gag-pol precur-

sor by the HIV protease encoded by the 5' end of the pol gene. Thus, two general
approaches can be used for IN expression in heterologous systems: cloning of the
integrase-coding region only, or cloning of all or part of the pol polyprotein. The former
strategy requires the insertion of an initiator methionine residue at the amino terminus of
the protein and therefore results in an altered protein, relative to the native IN. The second
strategy produces authentic IN protein but requires the activity of HIV protea!e, either in
vvo or in vitro.

Al. Expression of IN In baculovirus.
We have expressed IN using both approaches in the baculovirus expression system.

To use this system, one constructs an E. col plasmid in which the gene of interest is
cloned downstream of the baculovirus polyhedrin promotor. The polyhedrin gene is non-
essential for viral growth in cell culture, and proteins expressed from Its promotor can
account for as much as 50% of total cell protein late in infection (23). Plasmid DNA and
baculovirus DNA are then co-transfected into Sf9 cells, and recombinant virus are
screened for those that carry the gene of Interest In place of the polyhedrin gene. We are
exploring three types of construct for baculovirus expression of IN to allow us to compare
the yield and activity of the expressed protein (Fig. 1). One type of contruct will express
only IN protein from an artificial ATG, one will express the complete POL polyprotein fused
to a few amino acids of polyhedrin that will proteolytically process IN protein via the action
of the co-expressed protease domain of POL, and one will express the RT and IN domains
of POL as a polyprotein and will require In vitro processing with exogenous HIV protease
to release mature IN. We have now expressed IN In two of these constructs: one contain-
Ing the entire pol gene and one In which IN has an added amino-terminal methionine.

The clone containing only IN was constructed using. the polymerase chain reaction
(PCR), with an E. coil pol subclone as template. Oligonucleotide primers were used to
Introduce an ATG codon Immediately 5' to the beginning of the IN domain and at the same
time to ao, a BamHI site 5' to the int gene and an EcoRI site 3' to the gene. The
amplified BamHI-EcoRI fragment was first cloned Into pBluescriptllKS+, from which single-
stranded DNA can be produced, and the Insert was completely sequenced. A fully correct
int gene was then transferred into the polylinker of the baculovirus expression plasmld
pVL1393 (24).

Constructions for the pol gene expression were Isolated In two fusion vectors, pAc360
and pAo436. These vectors differ in the number of polyheddn amino acids expressed on
the recombinant protein. In pAc360, there Is a BamHI site at +36 from the polyhedrln gene
Initiation codon with which the Bglll site at nucleotide 2093 of the NY5' HIV Isolate Is In
frame; a BglI-BamHI fragment, containing HIV sequences 2093-5464 and a small portion
of the pUC19 polylinker derived from one of our subclones was used. In pAc436, we used
the Smal site at +8. Smal results in blunt-ended fragments; following removal of the 5'
overhang of the Bglll site (with mung bean nuclease) and ligation, an in-frame fusion delet-
ing one amino acid from the leader of pol was created. The fusion region of each con-
struct was sequenced to confirm that the Intended plasmid had been Isolated.
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Recombinant baculovirus for each of these three constructs have been isolated fol-
lowing co-transfection of the plasmid DNA and wild type baculovirus DNA into Sf9 cells.
The recombinants were identified by screening for the plaque morphology characteristic of
baculovirus lacking a functional polyheddn gene. This methodology is rapid and efficient
compared to hybridization methods, and it will enable us to continue to explore alternative
expression constructs at relatively little cost in time and resources.

Expression of IN by pol and /nt constructs Is illustrated by Western blot in Fig. 2. The
Int construct yields a large amount of IN protein that is visible by Coomassie staining of
complete cell extracts; the pot construct expresses a lower level IN and RT that are detect-
able by Western blotting, but not by Coomassle staining (Fig. 3). Expression from the pot
clone appears to be maximal about 48 hr after infection; at this time, the accumulation of
protein from the int clone is still increasing. The lower level of IN expression from the po
clone appears to be due to premature cell death and lysis, compared to cells infected with
the recombinant int virus. Therefore, the int clone will be used, at least Initially, in develop-
ing purification procedures and assays. However, as this protein does carry the additional
methionine, it will be compared to native IN from the pot clone to detect any differences
between the native and recombinant forms.

We are also constructing a pol clone containing only RT and IN, which should
expiess an RT-IN polyprotein that remains uncleaved (Fig. 1). The RT portion of the
molecule may serve to solubilize the IN moiety, aiding in purification; as a final step, IN
would be cleaved from the purified polyprotein using HIV protease, which we have
obtained from the NIH AIDS repository. This method would generate a fully authentic IN
protein, hopefully without the attendant loss of yield due to expression of the HIV protease
In vivo. The uncleaved RT-IN polyprotein may also find uses in experiments designed to
probe the Interactions of these two proteins In the viral core and In the Integration reaction.
For this construction, we have cloned an 822 bp Pstl fragment from a pol subclone in
pUC19 into pBluescrdptllKS+. The Pstl fragment contains the protease gene and the 5'
end of RT. Using Kunkel mutagenesis, an ATG was Introduced adjacent to the first codon
of RT, and a BamHI site was Introduced 15 bp upstream from the ATG. The 307 bp
BamHI-Pstl fragment, containing only the 5' end of RT Including the ATG, will be recloned
into the baculovirus vector pVL1393. The 2.6 kb PstI-BamH1 fragment containing the
remainder of RT and all of IN, will be cloned downstream, regenerating a complete RT-IN
construct with an artificial ATG Initiation codon. A recombinant baculovirus expressing this
gene will then be Isolated and characterized using the methods worked out for our other
constructs.

A2. Expression of IN In E. coil.
Our Initial strategy was to express IN from the entire pot gene so the viral protease

could properly process IN from the POL polyprotein. A 3.4 kb Avrll fragment correspond-
ing to nt 2011-5431 of the NYS' HIV genome was inserted in the Xbal site of the pUC18
multiple cloning site. In one orientation, the Insert was subjected to further modification by
the removal of 91 bp between the BamHI site of the pUC18 multiple cloning site and a
BglII site located at the seventh codon of the pol open reading frame. This brings pot into
frame with lac. (This Is the same fragment used by Farmerle et a. [10]). In the other
orientation, the Avrll insert served as a convenient source of a Bglll-BamHI fragment con-
taining pot for further cloning. The latter fragment was cloned into plBI20, a pUC-based
vector, and into pET3b, a T7-promoter, translational fusion vector developed by W.F. Stu-
dir (29). The nucleotide sequences for these constructs were verified. Several different
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E. coil hosts were examined for IN expression using Western blotting with a human serum
that produces a strong signal at 34kD with viral lysates. In no case did we detect a
specific new band corresponding to IN. Background was quite high for all clones carrying
viral sequences, Including the Avrll Insert which was used as an out-of-frame control. This
probably reflects Internal Initation within the viral sequences, since the HIV integrase gene
contains a number of potential internal translational Initiation sites that may be recognized
efficiently by E. coi ribosomes. One of these apparently results in the production of a 15
kd fragment of the integrase protein and also greatly reduces overall yields (17). We
removed this site by mutagenesis according to the procedure of Kunkel (20) using a
mutagenic oligonucleotde hybridizing to nt 4662-4687 of NY5'. Even this construct failed
to express IN.

We have now obtained from other Investigators clones expressing IN in E. col. Dr. S.
Goff (Columbia University) has provided us with p22K56, a trp translational fusion vector
that produces a fusion protein consisting of 320 residues of trpE, 10-14 residues
corresponding to the C-terminus of RT, and IN. This protein is expressed at a high level
and represents a good source of protein for the preparation of antibodies (Fig. 4). We will
also continue to utilize it, in parallel with the IN produced in baculovirus, for developing in
v/tro assays of IN activity. Since the fusion protein contains the RT-IN junction, it should
be possible to separate IN from the trpE-RT portions by cleavage with HIV protease, if
necessary.

A second IN clone was obtained by our collaborators at Sterling Research Group. IN
was cloned behind the 17 promoter of the vector pET3 and an Initiator methionine was
Inserted 5' to the first codon of IN. using a PCR method analagous to that described above
for our baculovirus IN done. We are continuing to study the E. coil expression of IN, since
such a system may be useful In developing In vivo (E. col) assays for IN which may be
better suited to drug screening programs. An E. coil expression system is also required for
future biochemical studies utilizing IN mutants.

B. PURIFICATION OF IN PROTEIN
Preliminary biochemical analysis of IN produced by either type of construct indicated

that it Is insoluble in low salt buffers. We have found that it is easily solubilized in 0.8 M
NaCI (Fig. 5) and a preliminary experiment suggests that IN Is also soluble in pH 10
buffers (not shown). There are thus two approaches toward purification. One is to use the
Insolubility of IN as the Initial purification step, i.e. to recover IN from the insoluble pellet
following lysis of cells In low salt buffer. The second approach is to lyse cells under condi-
tions that will prevent the precipitation of IN. The first method provides a substantial initial
purification step, bLt could result In Inactivation of the protein.

As we begin to assay the recombinant protein and compare it to authentic IN from
virus and to the authentic IN from the pol construct, we may find that the addition of the N-
terminal methionine has a negative impact on the activity of IN. If this proves to be the
case, the expression of RT-IN polyprotein and Its In vitro processing with HIV protease may
prove to be the approach of choice. This fusion protein may also have an advantage in
terms of the solubility of the expressed protein.

C. CARBOXY TERMINAL PROCESSING OF IN.
The location of the C-terminus of mature integrase is not known with certainty.

Because carboxy-terminal processing of the avian integrase is known to occur (1) (18). it
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was Important to determine whether the HIV integrase is similarly processed. If so, it
would have been necessary to Introduce a termination codon into the sequence at the
appropriate position.

We now have conclusive evidence that Integraso is not processed at the carboxy ter-
minus. Antibodies were raised against 2 peptides corresponding to amino acids 4-15
("N") and 277-288 ("C") of the ARV-2 Integrase. The C-terminal peptide C corresponds to
the final 12 amino acids of the pol open reading frame. Both peptides are highly con-
served among different Isolates of HIV-1. The antisera were tested by Western blot
analysis of viral lysates using the commerically available 3B strain (whose pol sequence is
not known). Serum raised against the N-terminal and C-terminal peptides reacted with a
band of the same size in Western blots of viral lysates (Fig. 6), a band which Is also
present in positive human sera from AIDS patients. The specificity of the reactions was
demonstrated by competition experiments in which the peptide antigens were included dur-
ing the reaction with antibody: the homologous, but not the heterologous, peptide quantita-
tively competed out antibody binding. Reactivity to the same band by both anti-carboxy
and anti-amino terminal peptides strongly suggests a single, unprocessed form of the viral
Integrase.

E. DNA SUBSTRATES

El. Cloned circle junctions

Retroviral DNA is found in three forms in infected cells. Unear DNA, containing a
complete LTR at each end, is the product of the reverse transcriptase reaction. Circular
DNA, containing either one LTR, or two tandem, directly repeated LTRs, are also present.
Despite earlier in vivo data Implicating the circular, 2-LTR form as the direct precursor for
Integration (27), it is now generally believed that linear viral DNA is the substrate for
Integration (3, 11). In order to obtain a source of target DNA for biochemical studies, we
have prepared a substrate, using recombinant DNA techniques, that provides us with both
circular and linear forms. We have cloned a 248-bp fragment corresponding to the region
where the 2 LTRs are joined In circular viral DNA molecules by PCR amplification from
infected cells. Template DNA was prepared by the Hirt extraction method (16) from cells
Infected with pNL4-3. Using the sequences of the NY5'-LAV hybrid LTR and the ARV2
LTR as a guide, oligonucleotide probes 26 and 27 nucleotides in length, hybridizing to nt
594-620 of U5 and 136-109 of U3 (Fig. 7) were purchased. The U5 primer contains a
natural Hindlll site; a BamHl site was introduced into the U3 primer by altering two nucleo-
tides. This pair of oligonucleotides was used to amplify a fragment 257 bp in length across
the circle junction. A small number of discrete fragments, including one of the expected
size, were amplified, cleaved with Hindill and BamHI, and cloned into M13mp18. We have
obtained the nucleotide sequence of several clones of the circle junction fragment. They
are Identical to one another and agree with the predicted sequence of the circle junction.
The BamHI-Hindill fragment carrying the circle junction has also been subcloned to
pUCI8, from which large amounts of DNA are more easily obtained than from M13 clones.

In predicting the circle junction sequence, we made the assumption that HIV, like
other retroviruses, would have a deletion of 2 bp at each end in the proviral sequence rela-
tive to the linear DNA form synthesized by RT. Based on this assumption and on the
available sequences, we had predicted that the NYS' circle junction would contain the 4
additional bp GTAC, forming an Rsal/Scal (AGTACT) site at the precise position where U3
and U5 are joined. This prediction was borne out; about half the clones obtained had the
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expected sequence, Indicating that Integration does result in the loss of 2 bp at each end.
(The remainder of the clones contained insertions or deletions and are discussed below).

As Scal cleavage yields tflush-ended DNA, digestion of our circle junction clones with
this enzyme generates a flush-ended linear DNA molecule that has at Its ends the precise
sequence found In the presumed Integration substrate, linear viral DNA. Although the cir-
cular form is most likely not a productive intermediate for viral integration, it may be a use-
ful substrate for analysis of Interactions with Integrase, since endonucleolytic and
topolsomerase activities can be measured easily with a circular substrate.

E2. Synthetic substrates.
The initial reaction catalyzed by IN is now believed to be the removal of 2 bp from the

3' ends of linear viral DNA (4, 11). We have prepared a synthetic substrate for assaying
this activity in vitro. Two complementary oligonucleotides corresponding to the last 30 bp
at the 3' end of the LTR, plus some additional bases for manipulations, have been made
(Fig. 8). When hybridized, one end of the duplex is flush; the other end has a 10 bp, 5'
extension. The shorter oligo will be extended with Klenow, using a varied choice of
labeled nucleotides. The now double-stranded, labeled region contains a unique Scal/Rsal
site; when cleaved, a flush-ended 32-mer and a 7-mer are produced. The 7-mer will be
labeled in at least one position internally and so the completeness of the restriction diges-
tion can be monitored. Depending on which labeled nucleotides are used in the Klenow
reaction, the 3' end can be differentially labeled in a choice of positions. For example,
3H-dATP can be used to label the 3rd nucleotide from the end and 32P-dGTP and
32 p-drTP to label the last two positions. This will allow us to monitor the loss of the two 3'
nucleotides directly by measuring. acid solubility of the 32P label. At the same time we will
be able to determine the extent of nonspecific nuclease activity (loss of the tritium label
from the oligomer) as well as to study the chemical nature of the reaction (by analysis of
the form of the sP label - i.e. free nucleotides, dinucleotide, free phosphate or pyrophos-
phate). A similar assay for ASLV endonuclease was recently described (19), which Implies
that this approach should be successful. In the published assay only the 5' end of the oil-
gonucleotide was labeled and the length of the fragment remaining after reaction with
endonuclease was assayed by fractionation on a sequencing gel. Our assay has the
advantage of allowing us to monitor the events at the 3' end directly and more simply, by
an assay that can be relatively easily automated.

E3. Defective circle junctions
In the course of analyzing the PCR products used to obtain the circle junction clone,

we fou-d that about half of the cloned circle junctions have abberrant sequences (Fig. 9).
Five clones contain deletions: one Is a 1 bp deletion in U5 precisely at the circle junction,
one has a 113 bp deletion In U3 starting at the circle junction, and three other deletions
span the circle junction. These deletions could have arisen during viral replication via
Incomplete reverse transcription, via cellular exonucleolytic activity, or possibly via an
extended IN-catalyzed nuclease activity. Two clones containing insertions precisely at the
circle Junction were also obtained. One contains a 15 bp Insertion, corresponding to the
tRWA (primer) binding site (PBS) at the circle junction. This may be a result of reverse
transcriptase extending too far during synthesis or of the failure of the RNaseH activity to
remove tRNA. The other contained a 340 bp insertion of gag sequences, which may have
arisen by Integration of one viral DNA into another, as shown In Fig. 10.
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To ensure that PCR was not preferentially amplifying mutant circle juctions and
thereby inflating our estimate of their relative abundance, we performed several reconstruc-
tion amplifications with clones containing the wild type circle junction, the 73 bp deletion at
the circle junction, and the 340 bp insertion at the circle junction. DNA from the human
cell line H9 (4 ug) was mixed with 60 pg of cloned DNA in which the wild type and 73 bp
deletion were in ratios of 10:1; 1:1, or 1:10. The mixtures were amplified and sampled
after 25, 30, and 35 cycles. In all cases, the PCR products were roughly proportional to
the concentration of template DNA clones. Proportional results were also obtained when
all three clones were mixed in equal ratios or In 10:10:1 ratios. Thus It is likely that our
results do in fact reflect a high proportion of mutant circle junction-containing DNA in
infected cells. Similar results were obtained using H9 cells infected with the molecular
clone pNL4-3 and with the non-clonal viral isolate ARV-2. We are now planning to extend
this analysis to patients' samples to determine if there is a correlation of defective circle
formation with the stage of disease or with AZT treatment. This work will be done in colla-
boration with Ltc. Chet Roberts at WRAIR and Dr. Francine McCuthchan at the Henry M.
Jackson Foundation for the Advancement of Military Medicine.

CONCLUSIONS

We have made substantial progress toward production of the two reagents necessary
for a study of the biochemical properties of HIV integration. Our multi-pronged approach to
the production of recombinant IN has now resulted In at least one clone producing large
quantities of IN and several others producing moderate amounts of protein; In addition, we
have the option of producing IN as a fusion protein. Protein produced in E. coil or
eukaryotic cells is available. We believe the major obstacle to purification of IN, namely its
Insolubility, has been solved, and we are now starting to assess different methods for
purification.

We also have constructed several potential DNA substrates. We began this study
expecting that the circular, 2 LTR form of viral DNA was the precursor for the integration
reaction. Studies with MuLV Implicating the linear form (discussed in section 5 above),
published during the past year, led us to design linear DNA substrates as well. As soon as
an IN preparation free of non-specific nucleases Is available, we will begin the develop-
ment of assays utilizing different DNA substrates and different potential activities of IN, as
described in detail in our original proposal. In addition to the 3' ressection assay described
above, these activies include DNA binding, DNA wrapping, topoisomerase and specific
nuclease functions. Although none of these involve a complete integration reaction, all
have the potential to be automated for screening of Inhibitors.

The high proportion of mutant circle junctions in HIV-infected cells was an unexpected
result. These mutant circles are certain to be the result of a dead-end pathway. Thus, if
an antlIntegrase agent Increases the fraction of these circles, it could act physiologically
as an antiviral "poison" even though biochemically it might only reversibly Inactivate IN.
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Figure 2.. Western blot analysis of HIV-1 pol proteins produced in Sf9 insect cells infected
with recombinant baculovirus. Sf9 cells were infected with different recombinant baculo-
viruses and 42 hr after Infection cells were lysed with 1% NP40 In 0.01 M TrIs (pH 7.4).
Samples were boiled for 10 min in 0.01% bromphenol blue, 10% glyerol 0.1 M Tris (pH
8.0), 1% DTT 1% SDS and then electrophoresed In a 11% polyacrylamide gel. Proteins
were transferred to nitrocellulose, and the blots were Incubated with serum from and AIDS
patient (lane K), a human monoclonal antibody directed agains HIV-RT (lane RT), and a
rabbit polyclonal antibody directed agains the N-terminal part of IN (lane IN). Panel A:
HIV-1 viral lysate, Panel B: recombinant baculovirus Int1993-Infected cells (IN-only), Panel
C: recombinat baculovirus po1360-Infected cells (entire pol gene), Panel D: wild type
baculovirus-Infected cells, and Panel E: uninfected Sf9 cells. Positions of molecular weight
standards are Indicated on the left. Arrows indicate the positions of IN and RT (p51 and
p66).
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Figur 3. IN expression In baculovirus. This Coomasie-stained gel shows a time course
of expression of IN in baculovirus from the pAc1393.IN and pAC36O-pol clones. IN,
marked by the arrow on the ight Is clearly visible at 48 and 72 hr In the pAc1393-IN
clones but Is not detectable In the other samples. The strong band in the lanes
corresponding to infection with wild-type baculovirus, migrating slightly faster than IN, Is the
polyhedrin protein.
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Figure 4. Expression of trpE-IN fusion. HB1I01 cells carrying the plasmid p22K56 were
Induced with IAA (Indole acrylic acid), 5 ug/ml, for 2 hr, lysed by the addition of loading
buffer, separated by SDS-PAGE and analyzed by Western blotting. Three antisera were
used: lanes 1 and 2, antl-pol obtained from C. Debouck at Smith Kline & French; lanes 3
and 4, antiserum raised against a C-terminal IN peptide; lanes 5 and 6, an AIDS patient
serum. Lanes 2, 4 and 6 contain p22K56 and alnes I, 3 and 5 contain the trpE vector
laddng any insert.
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Figure 5. Salt-dependent solubility of IN protein produced In Sf9 cells. Cells were Infected
with recombinant baculoviruses Ac360-pol (lane 1) and Ac1393-IN (lanes 2-6). 42 hr after
Infection, cells were lysed in 10 mM HEPES pH 7.0, 50 mM NaCI, 0.5mM PMSF, 1% NP-
40, 1% Triton X-100, 1% deoxycholate (lanes 1-4) or the same buffer containing 800 mM
NaCI (lanes 5 and 6). The lysates were centrifuged for 5 min at 14,000 rpm. Equal
volumes of the total lysate (T), pellet (P) or supernatant (S) fractions were boiled for 10 min
In Laemmll sample buffer (0.01% bromphenol blue, 10% glycerol, 0.01M Trls pH 8.0, 1%
dthlothreltol, 1% SDS) and electrophoresed In an 11% SDS-polyacrylamide gel. Western
blotting of the gel was performed using serum from an AIDS patient. Figure 6. Lack of
carboxy-termlnal processing of IN. Western blots of commercial HIV3B lysate reacted with
antisera raised against N-terminal (Panel A) and C-terminal (Panel B) peptides. In each
set the three lanes represent pro-immune serum, antibody only, and antibody plus the
homologous peptide antigen. Controls with heterologous peptides are not shown on this
blot.
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Flgur 6. Lack of carboxy-terminal processing of IN. Western blots of commercial HIV3B
lysae reacted with antisera raised against N-terminal and C-terminal peptides, as
described In the text. In each set the three lanes represent pre-immune serum, antibody
only, and antibody plus the homologous peptide antigen. Controls with heterologous pep-
tides are not shown on this blot.
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Figure 7. Cloning strategy for circle junctions. Two oligonucleotide primers were
prepared: a 26-mer hybridizing to U5 and containing a natural and unique Hindill site, and
a 27-mer hybridizing to U3 with two alterations to create a unique BamHI site at the 5' end.
A 257 bp fragment was amplified from H9 cells Infected by ARV2 or pNL4-3 (NY5/LAV
hybrid). The fragment was cleaved with Hindill and BamHI to generate sticky ends and
cloned in M13. Although each primer hybridzes to two locations In the 2-LTR circle, only
one of the primer pairs Is productive for PCR.

18



IN ASSAY. WITH SYNTHETIC OLIGONUCLEOTIDE SUBSTRATE

5' CCTTTTAGTCAGTGTGGAAAATCTCTAGC 29-mer
3' GGAAAATCAGTCACACCTTTTAGAGATCGTCATGAGGGG 39-mer

F ill with Klenow and
labeled dNTPs

5' CCTTTTAGTCAGTGTGGAAAATCTCTAGCagtactcccc
3' GGAAAATCAGTCACACCTTTTAGAGATCGTCATGAGGGG

I Cleavage with Rsal

*60 * a0

5' CCTTTTAGTCAGTGTGGAAAATCTCTAGCagt actcccc
3' GGAAAATCAGTCACACCTTTTAGAGATCGTCA + TGAGGGG

Reaction with IN

5' CCTTTTAGTCAGTGTGGAAAATCTCTAGCa gt
3' GGAAAATCAGTCACACCTTTTAGAGATCGTCA +

lgur* 8 Synthetic substrate for In vitro assay of IN protein. The substrate consists of a
complementary 29 and 39-mer corresponding to the 3' end of the HIV LTR. After filling in
the 29-mer with Klenow fragment and 3H-dATP (*) and 32P-dGTP (.) and 32P-dTTP (e)
and cleavage with Rsal, the flush-ended 32-mer, labeled In three positions, is purified from
the 7-mer. After reaction with IN, which is expected to remove two 3' nucleotides, the oil-
gomer remains labieled with tritium at the 3' end; the 32P label is associated with a GT
dinucleotide as shown, or with free nucleotides or free phosphate.
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CLONES FROM NY No. of clones

A. Wldtype 4

R 2bpU5.8bpU3I
deletion

C 113 bp U3 deletion1

DL 340'bp Insertion ____________

of primer binding
sbt and gag plus 1 -
2 bp U3deletion

CLONES FROM ARV2

A. W~ldtp 4

EL 1 bp U5 deletion ___________

C 2 bp US. 54 bpI
US deletion

IL 39 bp U5, 34 bp
US3 deletion

E 11 bp duplication __ _ _ _ _ _ _

and 15 bp primer
biding site
Insertion

F. 11 bp duplication 2

Pigul9. Summary of mutant circle junction clones obtained by POR amplification from
Oe ifected with HIVNL4-3 (NY5, top) and ARV2 (bottom). Thin lines Indicate deletions.
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LTR LTR LTR LTR

Figure 10. A possible pathway for the generation of a circle junction clone containing a
340 bp Inertion of gag DNA via Integration of one viral molecule Into another. The
aenee of 2 bp from the 5' end of the U3 DNA In the PCR clone (indicated by the dotted
is) suggests that this configuration arose via a normal Integration event In this case that

of one viral DNA molecule Integrating Into the gag gene of a second. PBS, tRNA (pdmer)
bkxftdgsl.
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